Abstract. The measurements of hadronic form factors of three modes using the data samples collected with the BESIII detector at BEPCII collider are presented. The cross section of e + e − → pp at 12 energies from 2232.4 to 3671.0 MeV are measured, the electromagnetic form factor is deduced, and the ratio |G E /G M | is extracted by fitting the polar angle distribution. The preliminary results about the form factors of e + e − → Λ + cΛ − c will also be described. The cross section of e + e − → π + π − between effective center-ofmass energy 600 and 900 MeV is measured by the ISR return method using the data set with the integrated luminosity of 2.93 fb −1 taken at ψ(3773) peak, the pion form factor is extracted.
Introduction
The standard model (SM) is the basic theory of elementary particles, its one of the main subjects is to explore the inner structure of hadrons (mesons and baryons). Two or three valence quarks (also sea quarks and gluons) are confined within hadrons, and the interaction among the quarks and gluons are nonperturbative, which leads to the complex multi-parton structures. At present, many properties of hadrons could not be accurately calculated and explained from the first principle of the quantum chromodynamics (QCD). In the study of the strong interaction and hadronic structures, experiments always take crucial role.
BEPCII is a double-ring e + e − collider running at center-of-mass energies between 2.0 and 4.6 GeV and reached a peak luminosity of 10 33 cm −2 s −1 at center-of-mass energy of 3770 MeV. The BESIII detector is located at the BEPCII [1] , which is designed to fulfill the requirement of the tau-charm physics [2] .
The exclusive hadronic production cross sections in the e + e − annihilation are usually expressed as the product of the phase-space factor and form factors. For almost processes, the phase-space factors are ordinary, and the special dynamics reflect in the form factors. From this point of view, if the form factors are derived from theory and confirmed by experiments, it means the laws and properties of strong interactions are understood. One of the quantities can be directly measured in experiments is the (differential) cross section.
Proton and pion are two simplest hadrons composed of the light quarks u and d, the measurements of form factors to the processes e + e − → pp and π + π − have special significance. Many experiments did the comprehensive studies to measure the form factors of proton and pion [3, 4] . BESIII also measured the form factor of strange baryon pair ΛΛ, and observed the non-zero cross section near the The meaning of the symbols in above equations are explained in Ref. [6] . The form factors |G E | and |G M | can be obtained respectively by fit the measured polar angle θ p distribution. The earlier experiments measured the σ Born (s) under the simple assumption |G E | = |G M | ≡ |G| due to the limited statistics of the data samples. BESIII did the same measurement for a comparison.
Experimentally, the Born cross section of e + e − → pp is measured by following expression
where N obs is the observed number of candidate pp pair, N bkg the number of remnant background events, L the integrated luminosity, ε the detection efficiency determined with MC generator, and (1 + δ) the initial state radiation correction factor. The |G| can be deduced with the measured cross section by following relation
The measured results by BESIII and other experiments for the invariant pp masses from 2.20 to 3.70 GeV/c 2 are shown in Figure 1 . Some times, the ratio R = |G E /G M | is more interested in understanding the electric and magnetic structures, the Eq.(1) can be rewritten as the form:
where N norm is the overall normalization factor. The efficiency corrected distributions of cos θ p and fit result for data at c.m. energy 3080.0 MeV of the invariant masse of pp is shown in left of Figure 2 . The comparisons of form factor and ratio |G E /G M | measured with BESIII data to the previous experimental measurements are shown in right of Figure 2 . Compared to the BaBar results [10] , the precision of the Born cross section measured with BESIII is improved by 30% for data sets with √ s ≤ 3080.0 MeV, and the precision of the form factor is improved. [11] , and was firstly evidenced at Fermi Laboratory in 1976 [12] , then was firstly established at MarkII in 1980 [13] . Most of the heavier charmed baryon will eventually decay to Λ c , including the doubly charmed baryon Σ ++ cc , the error of B(Λ
The form factor of charmed baryon in the process e + e − → Λ + c Λ − c near its production threshold is of interested in theory, which leads to various models [14] . Belle Collaboration ever measured the cross section of this channel using initial state radiation (ISR) technique [15] . BESIII also measured the form factor as well as the branching fractions of 12 hadronic decay modes and the semi-leptonic decay Λ + c → Λe + ν e and Λ + c → Λµ + ν µ at center-of-mass energy 4574.5, 4580.0, 4590.0 and 4599.5 MeV, the detailed description can be found in references [7] .
The form factor
The ten Cabibbo-favored hadronic decay modes
as well as the corresponding charge-conjugate modes are analyzed. The measurement of each mode produce the corresponding cross section, and the total cross section is obtained from the weighted average over the 20 individual measurements [16] . The measured cross section are shown in the left of Figure 3 together with the Belle data [15] for comparisons. The polar angle θ distribution of the produced fermion pair Λ ± c has the form
Fitting the angular distribution f (θ) can be obtained the parameter α Λ c , and it connects to the ratio |G E /G M | in following expression:
The measured angular distribution and the corresponding data fit result at 4599.5 MeV are shown in the right of Figure 3 , and the values of fit results of α Λ c and |G E /G M | are listed in Table 1 . 
−0.13 ± 0.12 ± 0.08 1.14 ± 0.14 ± 0.07 4599.5 −0.20 ± 0.04 ± 0.02 1.23 ± 0.05 ± 0.03
The hadronic decay branch ratio
The 12 Cabibbo-favored hadronic decay modes listed in Table 2 are measured using the data sample collected at 4599.5 MeV with an integrated luminosity of 566.9 pb −1 . To identify the Λ + cΛ − c signal candidates, the tagged techniques [17, 18] are adopted, and a least-squares fitter, which considers the statistic and systematic correlations among the different hadronic decay modes, are used to obtain the branch ratio of the 12 decay modes globally. The goodness-of-fit is evaluated as χ 2 /nd f = 9.9/(24 − 13) = 0.9, the extracted values are shown in Table 2 . 
The semi-leptonic decay branch ratio
The decay mode to be analyzed is Λ 
which verify the lepton universality in baryon decays within errors:
4 Measurement of e + e − → π + π −
The theoretical formula
The cross section of e + e − → π + π − in Born (bare) level at the effective center-of-mass energy √ s can be expressed in term of the form factor F π (s ) [19, 20] ,
In fact, the measured cross section using the experimental data contains the vacuum polarization and the final state radiation (FSR) effects, the corresponding term in the theory is the so called dressed one σ dressed ππ
. The bare and dressed cross sections are related by following relation [21] :
where Π(s) is the vacuum polarization factor [22, 23] . The form factor |F π | 2 can be extracted using the measured σ dressed ππ .
The experimental methods
The Born cross section of e + e − → π + π − was measured by two independent normalization schemes with BESIII data [8] .
The method I
The following formula is used to measure the Born cross section:
where N ππγ is the number of signal events, and H the radiator function, ππγ global the global efficiency of the signal, δ vac the vacuum polarization correction, δ ππ FSR the final state radiation correction factor. The tree-level diagrams for ISR and FSR contribution to e + e − → π + π − γ can be found in Ref. [24] .
The method II
The Born cross section and can also be measured by
In this way, the common factors L, H and δ vac for e + e − → π + π − γ IS R and e + e − → µ + µ − γ IS R can be canceled. Where, µµγ global is the global efficiency, δ µµ FSR the FSR correction factor, σ bare µµ the bare cross section of e + e − → µ + µ − , which corresponds to a QED process and it can be easily measured in experiment.
Data analysis
The events type e + e − → π + π − γ IS R in the invariant mass range 600 < m ππ < 900 MeV are selected from the data sample taken at center-of-mass energy √ s = 3773 MeV [8] . The integrated luminosity of the data set L = (2931.8 ± 0.2 stat ± 13.8 sys )pb −1 . The track-based muon-pion separation based on the Artificial Neural Network (ANN), which is trained using π + π − γ and µ + µ − γ MC samples, is used to suppress the dominant background e + e − → µ + µ − γ IS R . The possible remaining backgrounds are are subtracted using Mont Carlo method.
Results
The results for σ bare (e + e − → π + π − (γ FSR )) measured with method I and II are consistent within errors. The cross section and the form factor as the functions of √ s = m ππ is illustrated in Fig. 4 . The cross section is corrected for vacuum polarization effect, and the final state correction is considered. The result for |F π | 2 which includes vacuum polarizations, but final state radiation effects are excluded, and the exactly the same fit formula and fit procedure are applied as described in Ref. [4] . Fig. 5 shows the difference between fit and data. The comparisons between the BESIII fit and the previous measurements, BaBar [4] , KLOE [25] [26] [27] . 
Summary
The Born cross section of e + e − → pp is measured, and the effective form factor |G| is extracted under the assumption |G E | = |G M | between 2232.4 MeV and 3671.0 MeV. The precision of the Born cross section with √ s ≤ 3.08 GeV is between 6.0% and 18.9%. The |G E /G M | ratios and |G M | are extracted at the energies √ s = 2232.4 and 2400.0 MeV, and a combined data sample with energies of 3050.0, 3060.0 and 3080.0 MeV. The measured |G E /G M | ratios are close to unity which are consistent with the BaBar experiment in the same q 2 region. Using the method of ISR return, a measurement of the cross section σ bare (e + e − → π + π − (γ FSR )) is performed with an accuracy of 0.9% in the dominant ρ(770) mass region between 600 and 900 MeV. The two-pion contribution to (g − 2) µ is determined to be a ππ,LO µ (600 − 900 MeV) = (370.0 ± 2.5 stat ± 3.3 sys ) · 10 −10 . It is found that a deviation of more than 3σ between the SM prediction of (g − 2) µ and its direct measurement is confirmed.
Based on the data sets collected near the production threshold, the Born cross section and electromagnetic form factor ratios of e + e − → Λ 
